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SOLIDS MASS SPECTROMETER 
During the fourth quarter of the contract  period, a fur ther  s ign i f icant  
reduction of the  instrumental background was achieved by improved o i l - f ree  
pumping of the duoplasmatron arc chamber and of the  t a rge t  chamber; impurities 
- -- 
i- .- 
produced by the ex is t ing  ta rge t  holder were eliminated by replacing it with 
an adapter of spectroscopically pure tantalum. 
The sens i t i v i ty  of the instrument has been extended by improving the 
background and by in s t a l l i ng  a d i g i t a l  memory oscilloscope. 
boron-doped s i l icon ,  boron levels down t o  47 par t s  per b i l l i o n  have been 
In the  case of 
detected i n  t h i s  manner. Other tests on spectroscopically pure samples 
of graphi te  and platinum have a l so  demonstrated the s e n s i t i v i t y  and v e r s a t i l i t y  
of the  instrument. 
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I. BACKGROUHD 
As the  s e n s i t i v i t y  of the instrument i s  improved by refinements i n  
experimental technique, addi t ional  sources contributing to  instrumental 
background have been ident i f ied  and eliminated. 
(1) Duoplasmatron A r c  Chamber 
After prolonged operation of the duoplasmatron ion source, the 
pu r i ty  of the primary argon beam deteriorated. This was manifested by 
the  appearance of hydrocarbon peaks and of some mercury i n  the primary 
spectrum. Vacuum f i r i n g  of the  various ion-source electrodes resu l ted  i n  
only minor improvements. 
Since the  ex is t ing  duoplasmatron arc chamber could be evacuated 
only via the beam e x i t  hole, i t  was decided t o  add a manifold for  d i f f e ren t i a l  
pumping v i a  an insulat ing sect ion and a liquid-nitrogen trapped 2-inch 
mercury diffusion pump. I n  t h i s  manner, the  argon flow through the arc 
chamber was increased by approximately a fac tor  of 50, thus minimizing 
contamination frcm impurities within the ion source. 
(2) Target Holder 
The or ig ina l  ta rge t  hdlder d id  not consis t  of spectroscopically 
pure tantalum. 
which i s  su i tab le  for  samples i n  rod form; it contained a known impurity 
leve l  of 0.1% niobium which was readily detected with the instrument. 
An adapter w a s  constructed of spectroscopically pure material 
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(3) Zeol i te  Roughing Pump on Target Chamber 
In the  system, as designed i n t t i a l l y ,  the t a rge t  chamber was 
evacuated v i a  a by-pass l i n e  t o  the mechanical forepump. 
t h a t  t h i s  might cause contamination of the t a rge t  by forepump o i l ;  as an 
intermediate precautionary measure, the target chamber was roughed d i r e c t l y  
from atmospheric pressure by crack- the i so l a t ion  valve above the l iquid-  
ni t rogen t r a p  of the main 6-inch mercury diffusion pump. 
with the modification of the a rc  chamber pumping system, a zeo l i t e  pump 
and i s o l a t i o n  valve were added t o  the t a rge t  chamber. The t a rge t  chamber 
can now be evacuated from atmospheric pressure t o  the m i l l i t o r r  region i n  
completely o i l - f ree  fashion. 
It was recognized 
Simultaneously 
The r e s u l t  of these changes i s  a grea t ly  improved primary spectrum 
which, besides argon, contains only contributions due t o  water vapor, 
carbon monoxide and carbon dioxide, not exceeding 1 pa r t  i n  10 . The 
contr ibut ion of these mass peaks t o  the  secondary spectrum 
fu r the r  by several  orders of magnitude. 
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11. SPECTRA OF SOLID SAMPLES 
A s  s t a t ed  i n  the previous quarterly repor t ,  the  detect ion l i m i t  f o r  
t r a c e  impurit ies required a standard which, preferably,  would cons is t  of 
a &no-isotopic matrix and a s ingle  t r ace  impurity with no possible overlap 
on t he  atomic mass scale. 
expected e i t h e r  from boron-doped s i l i con  or  from a mixture of selected 
impurity elements i n  spectroscopically pure graphite. 
It was expected t h a t  meaningful data  could be 
(1) Boron-doped S i l i con  
+ The spectrum of s i l i c o n  includes the isotopic  peaks of S i  (28,29,30), 
Si2+(14,141'2,15) and S i  3+ (9 1'3 , 92'3,1~). 
i so topic  peaks a t  10 and 11, the l a t t e r  being the  major peak. 
e f f o r t s  have been made t o  obtain measurements of the B1' peak r e l a t i v e  t o  
the Si28  peak over a wide va r i e ty  of samples. 
i n  the  form of so l a r  c e l l s ,  by the NASA, Goddard Space F l ight  Center (Dr .  Fang) 
with the  boron concentration varying as  a function of depth from the surface,  
o r ,  as homogeneous pellets, by the Dow-Corning Corporation, Hemlock, Michigan. 
The spectrum of boron has i t s  
Considerable 
These w e r e  supplied, e i t h e r  
According t o  the Dow-Ccrning engineer, the impurity l eve l  i n  the 
c r y s t a l s  is  determined by measuring the r e s i s t i v i t y ;  t h i s  method i s  accurate 
up t o  50 ppm, 
possible. 
Above t h i s  concentration, ernors by about a fac tor  of 2 are 
It appears t h a t  there  is ,  a t  present, no b e t t e r  standard below 1 pa r t  
per  mi l l ion  than the Dow-Corning samples. Preliminary r e s u l t s  ind ica te  tha t  
with these the detect ion l i m i t  of the so l id s  mass spectrometer, using d i r e c t  
4 
readout, is  about 20 par t s  per mill ion cf boron i n  s i l icon.  
the integrat ing method described previously and s tor ing  the s ignal  with 
the comerc ia1  d i g i t a l  memory oscilloscope, a fur ther  fac tor  of improvement 
of approximately 1000 is obtained. 
s i l i c o n  measured to-date is 50 parts  per b i l l i o n ,  requiring a test period 
of about one hour. 
However, using 
The smallest  concentration of boron in 
Work on the so la r  cells has shown a large measurable change of the boron 
concentration in  s i l i c o n  with depth from the surface. 
of boron impurity indicated is larger  than expected from manufacturing 
da ta  (1 ppm) and fur ther  work is necessary to  c l a r i f y  this point. 
However, the level 
(2) Spectroscopically Pure Graphite 
This is  the  matrix of the material obtained from the Jarrell-Ash 
Company. 
are the a l k a l i  metals sodium and potassium, with t races  of chromium, iron, 
copper, zinc and indium. Other peaks are atomic hydrogen and oxygen, argon 
from the primary beam, tantalum and mercury from the ion source and the 
vacuum sys tern. 
A s  shown in  the attached mass spectrum, the major contaminants 
(3) Spectroscopically Pure  Platinum 
This sample was tes ted t o  confirm data obtained by emission 
spectroscopy, indicating t h a t  the t o t a l  impurity level does not exceed 
one pa r t  per mil l ion and cons is t s  of A l ,  Si, Fe and Ag. 
la rge  peaks of A l ,  C a  and Z r  were obtained, with subsidiary peaks of T i ,  C r ,  
Fe. It i s  not clear, yet ,  why most of these contaminants have not been 
Rather surprisingly,  
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detected by emission spectroscopy; however, i t  is in te res t ing  t o  note t h a t  
c ruc ib les  of zirconium and aluminum oxides a re  used in the  melting of 
platinum; these could be the or ig in  of the contaminants detected. 
It should be mentioned,that i n  the samples which have been analyzed 
before  and a f t e r  the  platinum sample, these impurit ies do e i t h e r  not appear 
at  a l l  or with an i n t ens i ty  many orders of magnitude lower. 
therefore ,  be concluded t h a t  these materials are r e a l l y  in the  sample and 
not introduced by the instrument. The peaks of A l ,  C a  and Z r  are so high 
t h a t  even 1/1000 of t h e i r  in tens i ty  could e a s i l y  be seen. 
analysis  is  cor rec t  t h a t  the concentration of these elements is much less 
than 1 ppm,then the so l id s  mass spectrcmeter has a s e n s i t i v i t y  much b e t t e r  
than one pa r t  per b i l l i o n  f o r  these pa r t i cu la r  elements i n  a platinum matrix. 
This seems t o  be a very favorable condition and it cannot be generalieed t h a t  
fo r  a l l  t r ace  impurit ies t h i s  detection l i m i t  w i l l  be reached. More work 
is  needed t o  gain a broader p ic ture  of the capab i l i t i e s  of the  so l ids  mass 
spectrometer fo r  trace analysis,  
It must, 
I f  the spectroscopic 
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APPENDIX 
1, 
chamber pumping, 
Primary beam spectrum after improvements of ion source and target 
2, Detection of 40 ppm boron in si l icon (direct read-out). 
3.  Detection of 47 ppb boron in s i l icon (with digital  memory oscilloscope). 
4. 
5 ,  
Analysis of spectroscopically pure graphite. 
Analysis of spectroscopically pure platinum. 
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